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Advanced Structuresand Materialsisahigh emphasistechnology activity of the M SFC Engineering Directorate.
Expertsof both disciplinesareworking together to devel op an advanced structuresand material stechnology plan for
thedirectorate. Through strategic planning and partnershipswithindustry, academia, and other NASA centers, this
team aimsto devel op advanced structuresand materia sapplicationsto meet tomorrow’ s spaceflight hardware needs.

Technology Spotlight= &F

Thin Film Structures

Engineersat M SFC are devel oping fabrication processesand designs
for ceramic matrix composite (CM C) componentsthrough material
and component testing, structural modeling, microscopy, and
nondestructiveanalysistechniques. CMCswill be utilized extensvely
on future generation launch vehiclesfor propulsion systemsand for
vehicle hot structure. They are necessary to enable lightweight
componentscapableof operating over awidetemperaturerange. These
advantagestrand ateintoincreased safety and lower cost compared to
dae-of-the-art materids. MSFCisprimarily responsblefor developing
CMCsand transitioning them into propul sion applications such as
cooled and radiation cooled flow paths, thrust chambers, integrally
bladed disks (blisks) and nozzles. Hot structuresfor leading edgeand
control surface applicationsare a so supported.

Development of CMCs and their transition into launch vehicle
Radiation Cooled Thrust Chamber applications is coordinated with efforts at other NASA center,
Material Development government agencies, industry, and academia. Fabricationand material
development ismainly through contractsto materia vendorsto develop
processesand materiasthat are best suited to NASA' sneeds. MSFC
conductsextensive material and component anaysiswith microscopy
and nondestructive eva uation (NDE) to determinethe CM C'sintegrity
with respect to processing and post-test results. TheNDE isusedin
conjunction with destructivetesting to resolve material processing,
property, and operational behavior relationships. Much of theinitial,
small scale, CM C component development effort isperformed at the
Glenn Research Center. Once CM C componentsare proven at the
smdler sizes, large scaetesting isenvisioned in existing test standsat

Cooled CMC Panel Material and MSFC.
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] Metals and Metal Matrix Composites Applications

Advancesin metals and process technology are required to meet the
demanding requirements of next generation space flight structures.
Engineersat M SFC are devel oping next generationmetal sto achieve
increased performance through reduced weight, increased environmental
capability, reduced manufacturing cost, and longer life. Metal matrix
composites are strong candidates for aerospace applications such as
turbopump and turbine housi ng, main combustion chambers, ducts, flanges,
andvalves. Thesemateridsoffer advantagesof high specific strength and
W diffness, lower coefficient of thermal expansion, environment competibility

Hous ' ' dmilar tometds, ductility and toughnessfromthemetal matrix, and others.
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Matrix Composites Applications

Polymer matrix compaosites (PM Cs) arealightweight, high performancedternativeto traditiona metalic
designsfor awiderangeof gpplications. They offer potentid benefitsin spacetrangportation gpplications
such asfeedlinesand valves, enginethrust chamber assemblies, and turbopump housings. They arealso
advantageous for applications such as advanced tel escopes/optical bencheswith tailored thermal
expansiontrussesand tubes. Engineersat M SFC are devel oping, modeling, and testing polymer matrix
compositestructuresfor arangeof gpplications. Working together with engineersfromindustry, academia,
and other NASA centers, M SFC engineersaim to develop new applicationsfor PM Csto meet the
demanding requirementsof spaceflight hardware.

d Structural Analysis Tools and Methodologies

Asnew, advanced materia sare developed for usein tomorrow’s space transportati on systems, new
structural analysistools must be devel oped and validated for usein design. Thesetoolsmust enable
engineersto analyze proposed designsand predict their performance under the hostile environments
associated with spacetravel. Engineersat M SFC are working together with other NASA centers,
industry, and academi to devel op and implement advanced structural anaysistools. For example, tools
under development to more accurately predict the development and growth of cracksin engine
components such assingle-crystal metallic turbine blades. Anaysistoolssuch asthesewill enable
revolutionary designsthat will belesslikely to requireexpensiveredesigns.

Structures

Engineersat M SFC are devel oping, testing, modeling, and analyzing thinfilm structures. These
lightweight and inflatable structuresmay oneday |ead to optical, solar power, or propulsion uses

in space.

Thinfilm structures are composed of compact, thin-walled membranes. Thistechnology holds
the promise of being used for very large structuresin the weightlessness of space at reduced
cost. Theseformswould weigh afraction of traditional metal and composite constructionsand

when deflated, could be packed into amuch smaller volume - making them much cheaper to
launch.

M SFC engineersand university researchersared so devel oping methodsfor rigidizing (hardening)
thin-filminflatable Sructuresto ensurelong-term surviva intheorbital environment.



